INTRODUCTION

D
own syndrome (DS), or trisomy 21, is the most common chromosomal abnormality among live births in the United States, occurring in 1 of every 700 infants born. 1 The life expectancy for children born with this chromosomal abnormality has steadily increased in the developed world from 12 years in the late 1940s to nearly 60 years with proper health care. 2 In the United States in 2007, the mean and median life expectancies for persons with DS were 47.3 years and 53.0 years, respectively, up from 12 years in 1960. 3 With increasing survival, the spectrum of diseases reported in patients with DS is expanding and now includes kidney diseases. Population-wide studies have shown that people with DS are at higher risk for hypothyroidism, dementia, some forms of cancer, and respiratory infections. 4 DS is also associated with a higher risk of stroke, largely embolic, but a lower risk of coronary events in male individuals. 5 There is not a great deal of data on diabetes mellitus in persons with DS. 6 A few reports indicate an increased risk of type 1 diabetes in individuals with DS, 7, 8 but there are few data on type 2 diabetes. There does not appear to be an increased risk of renal disease in people with DS, nor does there appear to be an increased risk of end-stage renal disease (ESRD) requiring renal replacement therapy. 9 There are very few data on dialysis outcomes in people with DS and ESRD, and even fewer data surrounding renal transplantation. The few reports of kidney transplantation in DS concern pediatric patients 10, 11 ; as far as we are aware, there is no literature regarding renal transplantation in adults with DS. Here we present 2 adults with DS and ESRD who underwent deceased donor kidney transplantation. We discuss their posttransplant course and review the literature on possible complications related to trisomy 21 that may have affected the outcomes.
CASE PRESENTATION Case 1
Patient 1 is a 47-year-old man with insulin-dependent type 2 diabetes, hypothyroidism, and obesity, initiated on hemodialysis in 2010. He underwent kidney transplantation in April 2014 from a 52-year-old woman who died of a stroke. Warm ischemic time was 25 minutes, and cold ischemic time was 12 hours. Pretransplant biopsy showed 7% glomerular sclerosis and 1% interstitial fibrosis. Final cross-match was negative, and immunosuppression induction was with basiliximab 20 mg i.v. on postoperative day (POD) 0 and 4. He was placed on a standard steroid taper and started on mycophenolic acid and tacrolimus. The kidney appeared well perfused on the operating table after re-anastomosis and was making 12 to 20 ml per hour of urine at first postoperative check that evening.
The next morning, however, the patient appeared volume overloaded in respiratory distress and had serum potassium of 8.2 mg/dl. He required emergent dialysis on POD 1 and then 3 more sessions before his urine output picked up. Transplant allograft ultrasound showed elevated resistive indices, suggesting acute ischemic injury without evidence of thrombosis. Tacrolimus level on POD 2, the first time checked, was 4.3 ng/ml and remained low until POD 6, when it rose to 10.1 ng/ml. It subsequently fluctuated from 6.1 to 11.4 ng/ml. He remained dialysis dependent on discharge and returned to his outpatient dialysis unit.
On POD 15 he underwent a transplant biopsy (Figure 1a and b) , which showed features of acute rejection, including intimal arteritis with fibrinoid necrosis of arterial walls (Banff type III) and tubulointerstitial inflammation (Banff type IA). He also had glomerular and peritubular capillaritis suggestive of antibody-mediated rejection, despite negative C4d staining. Finally, there was evidence of acute thrombotic microangiopathy involving the glomeruli and arterioles. He received 3 i.v. doses of methylprednisolone 500 mg, 3 doses of antithymocyte globulin 150 mg i.v., and underwent therapeutic apheresis. Testing for donor-specific antibodies was negative, and apheresis was stopped. Tacrolimus level at the time of the biopsy was 5.7 ng/dl. Given the possibility of thrombotic microangiopathy due to tacrolimus, calcineurin inhibition was switched to cyclosporine at approximately POD 25, with the tacrolimus level only 2.4 ng/ml at the time. Repeat allograft biopsy (POD 27, Figure 2 ) showed acute tubular injury with resolving interstitial inflammation, features of acute and chronic thrombotic microangiopathy, and mild interstitial fibrosis and tubular atrophy. A final biopsy at 2 months posttransplant (Figure 3 ) showed thrombotic microangiopathy with chronic features, despite switching tacrolimus to cyclosporine. One month after transplantation, he had cyclosporine troughs of 291 to 452 ng/ml.
Beyond primary allograft dysfunction, the patient's posttransplant course was complicated by thrombocytopenia related to apheresis. He was admitted to the hospital several times after transplantation with pneumonia. His cyclosporine level 2 months after transplantation was 441 ng/ml, but the immunosuppression was thought to be a contributing factor to the pneumonia and was lowered and eventually weaned to prednisone alone because the kidney never functioned. The patient remains on dialysis, where he has done well, continuing to participate in Special Olympics. He is inactive on the waiting list, but eligible to regain his waiting time. His mother is reluctant to let him go through transplantation again. More recently he was thought to be having seizures while at dialysis and started on an antiepileptic medication, but has otherwise been stable.
Case 2
Patient 2, 38 years old when he died in 2014, was diagnosed with type 1 diabetes in 1980 and subsequently developed ESRD secondary to diabetic nephropathy. He was initiated on hemodialysis in 2000 and was switched to peritoneal dialysis 6 months later. After discussion with the family, the transplant team opted for kidney transplantation followed by possible pancreas transplantation, rather than risk a combined kidney-pancreas transplant, to see first how he tolerated surgery and immunosuppression with the kidney 
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alone and assess later whether diabetes continued to limit his daily life. Patient 2 underwent deceased donor kidney transplantation in 2006 from a 5-year-old donor who underwent prolonged resuscitation efforts. The postoperative course was notable for delayed graft function, for which the patient received dialysis and thymoglobulin infusion. He was discharged with stable renal function after 2 weeks, at a tacrolimus trough of 4.5 ng/ml. Drug troughs remained therapeutic after 6 weeks at 8.1 ng/ml and after 7 months at 6.9 ng/ml. He enjoyed excellent renal function for 7.5 years on standard immunosuppression.
Patient 2 continued to have episodes of both hyperglycemia and hypoglycemia, which required close monitoring and insulin administration. He therefore underwent deceased donor pancreas transplantation in 2009. The operation and immediate postoperative course were uneventful, but on POD 3 his hemoglobin started to decrease. He required transfusion on POD 9 and also developed abdominal distention, intermediategrade fever, and persistent leukocytosis. Computed tomography angiogram demonstrated thrombosis of the pancreatic transplanted vein and superior mesenteric vein. On POD 10 he underwent allograft pancreatectomy; operative findings were significant for a thrombosed pancreas with thrombus in the portal vein and splenic artery of the transplanted pancreas. He recovered from the second operation with a relatively uneventful postoperative course.
A renal allograft biopsy at the time of pancreas transplantation showed focal segmental glomerular sclerosis and mild scarring but no evidence of rejection (Figure 4) . Kidney allograft function was stable with serum creatinine 1.1 mg/dl, but sub-nephrotic proteinuria. In 2014, the patient was admitted from an outside hospital with small bowel obstruction and sepsis, and subsequently died.
DISCUSSION
As far as we are aware, this small case series is the first to examine kidney transplant outcomes in adult patients with DS. What is known about renal disease and transplant outcomes in patients with DS comes largely from the pediatric literature. 10, 11 More broadly, research has focused on risk factors for cardiovascular disease and infection in patients with DS, as well as seizures and dementia related to aging.
It is unclear from the literature whether persons with DS are at an increased risk for renal disease and/or ESRD as a direct result of trisomy 21, nor does it seem from autopsy studies that patients with DS are more prone to one renal disease over another. Ariel and colleagues 12 examined 97 autopsy cases of patients with DS (ages 1 day to 25 years), and found glomerular microcysts in 23 cases and renal hypoplasia (defined as kidney weight less than two-thirds expected) in 18 cases. There were no controls, leading other authors to question the generalizability of the findings. Lo and colleagues 13 performed a follow-up autopsy study comparing 43 autopsy cases in patients with DS with findings in 57 age-matched controls. Glomerular diseases reported with similar frequencies in DS and control groups included acute glomerulonephritis, minimal change disease, and membranous nephropathy. Only glomerular microcysts were found more frequently in the DS cases than in the controls. The findings were nonspecific, and the authors could not say whether they had any significance in DS. 13 More recently, Said et al. 14 reviewed kidney biopsies from 17 persons with DS for causes including elevated creatinine, hematuria, and proteinuria. They found a wide spectrum of glomerular lesions in this patient group (ages 6-45 years), including IgA nephropathy (5 cases), focal segmental glomerular sclerosis (4), membranoproliferative glomerulonephritis (2), postinfectious glomerulonephritis (2), pauci-immune glomerulonephritis (2), membranous nephropathy (1), and lupus nephritis (1). These researchers were able to follow 16 of the 17 subjects for a mean of 47 months. Six of the 16 subjects progressed to ESRD, and 4 of these (ages 28 to 44) died on dialysis. One patient remained alive on dialysis, and 1 patient underwent renal transplantation at age 13 and enjoyed normal allograft function 9 years later. There has been 1 additional small series documenting membranoproliferative glomerulonephritis in 4 patients with DS and progressive renal disease, with no apparent underlying etiology. 15 The literature on renal replacement therapy in persons with DS focuses on dialysis, with case reports indicating that either hemodialysis 16 or peritoneal dialysis can be done without difficulty. 17 Patient 1 has been successfully dialyzed in our outpatient unit since 2010 through an arteriovenous fistula, enjoying good clearance but only fair compliance with diet and fluid restrictions.
The limited reports of transplantation in patients with DS are largely in the pediatric literature. An early report in 1995 described a successful living related kidney transplant to a 14-year-old girl from her mother in Philadelphia. 10 The report prompted a response from a German pediatrician who said that over the course of 20 years his group had not seen a patient with DS who required renal replacement therapy. The pediatrician called on others to publish their reports. But he concluded by saying "I see no reason why a patient with Down syndrome and end stage renal failure should not be offered RRT [renal replacement therapy] if the patient and the parents are prepared to cooperate." 18 Subsequently, researchers in the United States published a report on 14 children with DS who received renal transplants between January 1987 and November 1995. 11 Eight patients received kidneys from deceased donors; 6 received kidneys from living donors. One had previously received a kidney. Ten of the patients were on dialysis at the time of transplantation, and 4 underwent preemptive transplantation. All were maintained on prednisone, cyclosporine, and azathioprine, standard immunosuppression at the time.
As of early 1998, the authors wrote that 9 grafts were still functioning and 2 failed due to acute rejection. Three patients died with functioning allografts. They concluded that "renal transplantation is a perfectly reasonable option for renal replacement therapy in patients with Down syndrome."
Immunologically there does not appear to be any contraindication to transplantation in patients with DS, although persons with DS may be predisposed to autoimmune disorders, including celiac disease, and have higher levels of rheumatoid factor. 19 Other investigators have reported a reduced inhibitory capacity of regulatory T cells in persons with DS that may explain the increased risk of autoimmune diseases. 20 There appears to be an increased prevalence of type 1 diabetes in persons with DS. 7, 8 The authors who described the series of pediatric transplants suggested that the immune dysregulation of DS may mean that patients require less immunosuppression, and that more immunosuppression increases the risk of infection. They recommended against antibody-depleting induction therapy.
11 Patient 1 in our report was induced with basiliximab and started on standard immunosuppression. Nevertheless, he had evidence of both rejection and increased pulmonary infections in the first postoperative year. He remains on a low dose of prednisone.
A larger concern in transplanting adults with DS surrounds life expectancy and comorbid conditions. Researchers in Scandinavia reviewed the records of 4872 individuals with a hospital discharge of DS by linking to national cancer and vital statistics registries in Denmark and Sweden. They were found to be at increased risk of acute lymphocytic and nonlymphocytic leukemia. Mortality was also increased due to dementia of the Alzheimer's type, epilepsy, ischemic heart disease, cerebrovascular disease, infectious diseases, and congenital anomalies. 21 Incidence of obesity and sleep apnea may be greater in persons with DS, but rates of type 2 diabetes seem to be less. 6 Advances in the genetics of DS mean that the way in which the genes on chromosome 21 are expressed in the phenotype of DS is better understood and opens the possibility of regulating the function of those genes. 22 Finally, the literature has also considered ethical questions about transplantation in patients with DS, and more generally in patients with intellectual disabilities in the equitable distribution of scarce societal resources. Patient 1's mother was initially reluctant for him to go through with transplantation because he seemed to be doing so well on dialysis. Although they hoped for a living donor, a family friend considering whether to undergo evaluation did not progress through the workup. A major challenge for the patient while he waited for the transplant was weight gain, as he put on 30 pounds in one 6-month period. He has never had issues with attending dialysis, but has found compliance with fluid restrictions and diet difficult. After his experience, his mother is reluctant to allow him to be reactivated on the list, but gave her consent for his case to be discussed in the hope it would help other families facing similar decisions.
Patient 2 underwent careful review by the transplant team over several years. He lived with his aging mother, who suffered from Alzheimer dementia and was wheelchair-bound, and spent much of his time caring for her. The swings in his blood sugars prevented him from being placed in a group home or receiving vocational training. His brothers and sisters lived in the area and helped facilitate his care. During his years on dialysis, he had difficulty with vascular access and had to be switched to peritoneal dialysis, which he did quite well. The transplant team in its review thought that a kidney and possible pancreas transplant would dramatically change his quality of life, allow him to pursue vocational training, and aid in future placement in a facility that could better care for him. Posttransplant follow-up was intermittent.
In summary, we report the outcomes of 2 adults with DS who underwent renal transplantation for ESRD secondary to diabetes. In 1 case, the patient experienced primary allograft dysfunction and remains on hemodialysis, where he continues to do well. He is eligible to regain all of his waiting time, but remains temporarily unavailable because his mother is reluctant to reactivate him and subject him to another surgery. In the other case, the patient enjoyed 7 years of a functioning allograft but died from an unrelated condition (sepsis). As far as we are aware, these are the only cases in the literature documenting the experience of adults with DS undergoing renal transplantation. Although the number of cases is small, we think they illustrate that adults with DS must be evaluated on a case-by-case basis to assess their suitability for kidney transplant, just as with children. Both of our patients had family support, were compliant with dialysis, and also appeared very functional. We suggest that these would be important criteria to consider in the selection process of adults with DS for kidney transplantation.
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